DESCRIPTION 

METHOD Or AMD DETECTING APPARATUS AND DETECTING CHIP rOR 
SINGLE BASE SUBSTITUTION SNP AND POINT MUTATION OP GENES 

Technical Field 

The present invention relates to a method of, and a 
detecting apparatus and a detecting chip for detecting 
single base substitution SNP and point mutation of genes f 
capable of detecting and analyzing single base substitution 
SNP (Single nucleotide polymorphism: a genetic mutant in 
the human genetic code) and point mutation of genetic DNAs 
as well as gene expression. 

Background Art 

Specific base substitution SNP is a specific base 
variation in a base sequence, and it is estimated that one 
SNP exists in every lOOObp to 2Q00bp human DNAS •, and hundreds 
of thousands to millions, of SNPs are estimated to exist in 
a human genome, regardless of its health, and single base 
substitution SNPs are expected to be valuable markers for 
identifying and preventing causes of disease. 

Point mutation is a single base variation in the base 
sequence of known genes, that may cause functional 
abnormality of the corresponding protein and be a factor 
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for disease. 

As means for detecting and analyzing the differences 
among base sequences of genetic DNA, the DNA sequencing 
method (specific base sequence determination method), the 
PCR-SSCP (Polymerase chain reaction-single stranded 
polymorphism) method, the allele-specif ic hybridization 
method, the DNA chip method and the like are employed. 

The DNA sequencing method has two alternatives, the 
Max am Gilbert method and the Sanger (dldeoxy) method, and 
in present, the dideoxy method is mainly employed. After 
amplifying the area of human genes to be analyzed by the 
PCR method (polymerase chain reaction method), sequencing 
is performed by using a primer employed in the PCR method 
or a primer established within the amplified DNA to determine 
a gene arrangement within the area. single base 
substitution SNP and point mutation are detected by 
conducting the above operation with different DNA samples. 

In the PCR-SSCP method (Polymerase chain reaction- 
single stranded polymorphism method), after amplifying an 
area of a human gene to be analyzed by the PCR method, the 
amplified segment is thermally denaturated to single 
strands , and then electrophoresis of the single strands is 
conducted in non-denaturation polyacrylamide gel, so that 
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each strand of do, b le. 3trandad OHA ampiifi d by th . pcR 
-hoc, are kept lntact . As the seco„ d ary st „ cture 
lm " Ml8C " 1U *«•> <° be for„e d d epends on 

BPeC " iC b substitution SHP „„ 
Point mutation o t 9 ene. „. d . tictad by th . ^ 

the distance ot electrophoresis. 

An Allele-specific hybridization method consists in 
after a»plifyi ng tn . to be ^ ^ ^ 

-skin, pcr product, or oligonucleotide probe, with 
approximately 20 bases and imooiiizie, the. in .„ area of 
-embrane (nylon filter,, relieved by hybridization of D ha 
samples (detected dna, labeled b y radioieotope 32P . . te 
By adjusting the condition, of hybridization such as 

temperature at the time or the hybridization, .pacific has. 

seauence .ub.titution SHP and point mutation of gene. ,re 

detected by th. deference ot the intensity OI the 

radioisotope. 



in principle, th. dha chip method i. „.a rly tha >aaa 
as th. allele-specific hybridization method, and is for 
arranging PC products or oligonucleotide probe, with 
approximately 20 bases on th. .tationary pha.e ( on the board, , 
so that hybridization of fluore.c.nc. i. b .i«, DH& BaBplea 
(target DHA) „„ the stationary phase i. conducted. By 
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adjusting hybridization conditions such as t mperature, 
single base substitution SNP and point mutation of human 
genes are detected depending on the intensity of the 
fluorescence. 

In hybridization by the allele-specif ic hybridization 
met hod , a problem is the high cost for treatment and care 
of the radioisotope that is used to label DNA. Furthermore, 
in the DNA chip method, the problems when using the 
fluorescent dye to label the DNA are: <1) the fluorescence 
is not taken to the DNA frequently enough due to the large 
molecular structure of the fluorescent dye, therefore the 
fluorescent intensity of the flourescence labeled probe is 
not high, (2) fading of the flourescence and (3) flourescence 
of the board such as glass (flourescence of background). 

in order to solve these problems, a method for 
electrochemically detecting double-stranded DNA and 
detecting hybrid organisers by fixing probe DNA to the 
electrode to make it react with DNA samples under the 
existence of intercalator has been disclosed (see Patent 
Laid-Open Publication Hei 9*288080 and report of 57 
Analytical Chemistry Discussion series 1996, ppl37-138) as 
an easy and highly-sensitive method for detecting DNA 
hybridization and double-stranded DNA. 
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However, as the number of single base substitution SNP 
of genes or point mutation of genes is immens , for xample, 
at least two million single base substitutions SNP are needed 
to be identified to prepare single a base substitution SNP 
map at the density of 15KB (definition) for humans. 
Furthermore, the number of point mutation of genes related 
to known diseases is also high • By the conventional methods , 
it is realistically almost impossible to exhaustively 
analyze single base substitution and point mutation. 

The present invention is for the purpose of solving 
the above problems of the conventional methods, and provides 
an apparatus for identifying single base substitution SNP 
and point mutation capable of detecting and analyzing a large 
amount of single base substitution SNP and point mutation, 
that is, capable of conducting treatment of high-through 
put (in high speed and volume) as well as detecting and 
analyzing single base substitutions and point mutation with 
high-sensitivity for a plurality of ONA samples. In short, 
the present invention intends to realize a large amount of 
and high-sensitive detecting and analyzing apparatus for 
single base substitution SNP and point mutation on the basis 
of the principle of electrochemically detecting double- 
stranded DNAs and hybrid organizers described in the Patent 
Laid-Open Publication Hei 9(1997)^288080- 
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Disclosure of the Tnygntion 

In order to solve the above problems/ the present 
invention provides a detecting chip for single base 
substitution SNP and point mutation of genes, comprising 
a closed internal space part capable of being filled with 
dna samples and removing DNA samples, a plurality of gold 
electrodes corresponding to measuring electrodes formed at 
the bottom of the space part and common electrode which is 
a counter electrode to the gold electrodes, being arranged 
not to contact the gold electrodes in the space part, wherein 
PCR products or oligonucleotides consisting of different 
genetic sequences are immobilized on each of the gold 
electrodes, and wherein voltage is applied between the 
common electrode and the gold electrodes so that electric 
current which is created between the common electrode and 
the gold electrodes can be detected. 

Further, the present invention, in order to solve the 
above mentioned problems, provides a detecting apparatus 
for single base substitution SNP and point mutation of genes, 
comprising a closed space part capable of being filled with 
DNA samples and removing DNA samples, a plurality of gold 
electrodes corresponding to measuring electrodes formed at 
the bottom of the space part, common electrode which is a 
counter electrode to the gold electrodes, being arranged 
not to contact the gold electrodes in the space part, and 
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a measuring apparatus capable of detecting electric current 
through the application of voltag between the common 
electrode and the gold electrodes, wherein PCR products or 
oligonucleotides consisting of different genetic sequences 
are immobilized on the gold electrodes. 

The detecting apparatus may be constituted , wherein 
the internal space part, the gold electrodes and the common 
electrode are contained in the detecting chip, and the 
detecting chip is inserted detachably and attachably into 
the measuring apparatus to be able to electrically connected 
to the measuring apparatus* 

The detecting apparatus may be constituted, wherein 
temperature of the detecting chip is changed by using peltier 
devices to control temperature condition of hybridization. 

Furthermore, the present invention, in order to solve 
the above problems, provides a method for detecting single 
base substitution SNP and point mutation of genes, the method 
comprising the steps of filling DNA samples or DNA amplified 
from DHA samples into the space part in the detecting 
apparatus to form a double strand by hybridization, filling 
an electrolyte including an electrochemically active 
molecule into the space part and controlling the temperature 
to bind the electroch mically active molecule with the 
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double strand nucleic acid, and d tecting single base 
substitution SNP * and point mutation of DHA samples by 
detecting a flowing current value through the application 
of the voltage between the common electrode and the gold 
electrodes . 

Brief Description of the Drawings 

Fig. 1 is a prospective view showing a whole structure 
of an example of the detecting apparatus for single base 
substitution SNP and point mutation of genes related to the 
present invention; 

Fig. 2 is a prospective view explaining the whole 
structure of the example of the detecting chip employed for 
detecting single base substitution SNP and point mutation 
of genes related to the present invention; 

Fig. 3 is a prospective view showing and explaining 
the conditions of use of the detecting chip; 

Fig. 4 is a drawing showing the structure of the 
electrode and wiring, etc*, of the detecting apparatus and 
the detecting chip of single base substitution SNP and point 
mutation of genes related to the present invention. 
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Best Mode for Carrying ont th« in vention 

In order to explain the present invention more 
specifically, examples of application of the invention with 
reference to the attached drawings are described below. 

Fig. 1 illustrates an example of a detecting method 
for, and a detecting apparatus and a detecting chip of single 
base substitution SNP and point mutation of genes related 
to the present invention, in which a detecting apparatus 
1 for single base substitution SNP and point mutation of 
genes in connection with the present invention consists of 
a detecting chip 2 for hybridization and a measuring 
apparatus 3 capable of detecting and analysing the 
double-stranded DNA originated from hybridization by 
inserting the detecting chip 2. 

Referring to Fig. 2, the detecting chip 2 is made of 
ceramics or synthetic resin materials in the form of a card 
or a cassette, and consists of a body 4 and an upper cover 
5 to be fixed to the body 4 from above (indicated by a 
imaginary line in the drawing) . The detecting chip 2 is made 
from materials having tolerance to acid and alkali, and in 
particular, preferably the upper cover 5 is transparent for 
viewing the inside of the detecting chip 2 from the outside. 
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In the approximate c nt r of the body 4, a rectangular 
depression 6 is formed. Thereby, when the body 4 is 
integrated with the upper cover 5 by fixing the upper cover 
5, the depression part becomes a closed space part S. On 
the bottom of the space part S, that is, on the base 7 of 
the depression 6, gold spots are deposited in the form of 
a matrix, that correspond to the plurality of gold electrodes 
8 formed in the shape of the gold electrodes array 9. 

On the right side of Pig. 2, an enlarged view of the 
gold electrodes 8 is shown. As shown in the enlarged view, 
PCR products and SH-oligonucleotides 10, whose SH radical 
is introduced by thiolization at the 5* end of the 
oligonucleotides, are immobilized on the gold electrodes 
8. The PCR products are double-stranded DNAs, but the 
single strand oligonucleotides, thiolized by the 
introduction of SH radicals at the 5' end are 20-50 base 
long and immobilized on the gold electrodes 8 through thiole 
radicals introduced into the 5' end. 

In the point 11 of the detecting chip 2, a plurality 
of terminals 12 are established side by side. Each of the 
gold electrodes 8 is respectively combined with each of the 
wirings 13, and the other ends of the wirings are spread 
to be respectively combined with the terminals 12- 
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Moreover, as shown in Fig. 4 (a), each of the wirings 
for the gold electrodes 9 may be respectively connected with 
each of the gold electrodes 8 to connect with each of the 
terminals 12. However, as shown in Pig. 4 (b), the matrix 
wiring structure is formed as a cancellous wiring consisting 
of a plurality of conductors 14 and the conductor 15 fixed 
in rows and lines, which are utilized in the liquid crystal 
display to connect each of the gold electrodes 9 arranged 
in the form of the array with each of the nearest conductors 
fixed in rows and lines. 

In this example, a common electrode 16 which is a 
counter electrode to the gold electrodes 9 is arranged at 
the position not contacting the gold electrodes 9 arranged 
in the form of the matrix at the bottom of the depression 
6. The wiring of the common electrode 16 is formed by the 
deposition of gold as in the gold electrodes. The common 
electrode 16 is spread to be connected with a terminal 17 
for the common electrode. Furthermore, the electric 
current value between each of the gold electrodes 9 and the 
common electrode 16, which is a counter electrode to the 
gold electrodes 9, is measured on the basis of the value 
of a reference electrode 28 that is wired to contact the 
space within the depression 6, and a structure capable of 
obtaining the correct current value of every measure is 
formed . 
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In both 8 id s of the body 4 and the upper cover 5 of 
the detecting chip 2, injection holes 18 and 19 (reference 
to the enlarged view of a substantial part of the injection 
hole indicated at the top of Fig. 2) are formed for 
communicating to the depression 6, and they are usually 
closed by cap plugs so that the closed space S is formed. 
By removing the caps, disposal injectors 20 and 21 may be 
inserted into the injection holes 18 and 19. Thereby, 
solution may be injected into the closed space part S 
generated by the depression 6 and the upper cover 5 or the 
exchange and mixture of the solution within the space part 
S may be promptly conducted. 

A measuring apparatus 3 comprises an insertion slot 
22 for inserting the deducting chip 2 . Within the insertion 
slot 22, a circuit 23 is established as shown in Pig. 4 (c), 
for connecting to the terminal 17 for the common electrode 
and the terminal 12 for. each of the gold electrodes and 
applying voltage between the terminal 17 for the common 
electrode and the terminal 12 for each of the gold electrodes. 
The measuring apparatus 3 is . constructed to detect and 
measure the electric current flowing between the common 
electrode 16 and each of the gold electrodes 8 in the detector 
24 established in the circuit 23, upon the application of 
voltage between the terminal 17 for the common 1 ctrode 
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and the terminal 12 for each of the gold lectrodes. 

The measurement data based on the deducted electric 
current is digitized by an A-D converter 25, etc. , connected 
to the detector 24 , and is utilized as processing data of 
analysis or identification of samples in a personal computer 
26* Moreover, a temperature control apparatus that 
consists of peltier devices is equipped in the measuring 
apparatus 3. 

Hereafter, the detecting apparatus 1 for single base 
substitution SNP and point mutation of genes related to the 
present invention constituted as prescribed above is 
described. The detecting chip 2 is sealed between the body 
4 and the upper cover which are combined. As shown Fig. 3, 
the injector 20 and 21 are inserted in the injection hole 
18 and 19 to inject solution containing DNA samples. 

Furthermore, as DNA samples, ONAs which are extracted 
from biomaterials and then cleaved by DNA lyase or by the 
supersonic treatment or DNAs from specific genes which are 
amplified by PCR (polymerase chain reaction) are used. The 
DNA samples are denatured by a heat treatment immediately 
before hybridization. 

When DNA sampl s (single-stranded) are mixed to the 
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immobilized PCR products or oligonucleotides (single- 
stranded), the hybridization is conducted betwe n th PCR 
products or oligonucleotides and DNA samples that have 
complementary base sequences to each other. At this moment, 
the detecting chip 2 is fixed by inserting it into the 
insertion slot 22 in the measuring apparatus to control the 
temperature by using peltier devices furnished in the 
measuring apparatus 3, so that the temperature condition 
during hybridization is controlled. 

After the hybridization, the detecting chip 2 is 
pulled out of the measuring apparatus 3, and DNA samples 
which did not hybridize are washed by injecting a washing 
solution from the injection hole 18 by the injector and then 
absorbing the solution within space part s from the other 
injection hole 19. 

After washing, electrolytic solution including 
electrochemically active molecules are injected into the 
space part S from the injection hole 18 and 19 by the injector. 
The electrochemically active molecules perform the function 
of changing electric characteristics such as the value of 
the resistance of double-stranded DNA by hybridization. 
This point is specifically described in the official gazette, 
Patent Laid-Open Publication Hei 9 (1997) -288080. 
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When the detecting chip 2 after the tr atment 
described above is refixed to th measuring apparatus 3, 
and the terminal 17 for the common electrode and the terminal 
12 for each of the gold electrodes are connected to the 
voltage circuit 23 , and thereafter, weak voltage is applied 
between the common electrode 16 and each of the gold 
electrodes 8, a weak electric current flows between the 
double-stranded DNA generated by hybridization and the 
connected gold electrodes 8 through the voltage circuit 23 
and the common electrode 16. Temperature is controlled by 
peltier devices furnished within the measuring apparatus 
3 and current values in different temperatures are measured. 

In the measuring apparatus 3, as shown in Fig. 4 (c), 
the electric current sequentially flows through the 
double-stranded DNA after hybridization, and detection is 
conducted by automatically switching a scanning terminal 
27 to each of the terminals of gold electrodes 12. The 
detection results are converted into digital data by the 
A-D converter, etc., and accumulated into the memory of the 
personal computer as measurement data. By the measurement 
data, the identification and the analysis of DNA samples 
are conducted. For example, by comparing the measurement 
data to each kind of DNA data previously accumulated, the 
identification or the analysis of DNA samples may be 
conducted. 
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Next, experimental examples of the electrochemic 

detecting apparatus for a base substitution and point 

mutation, etc., of genes in accordance with the present 
invention are described. 

Firstly, experimental example l is described. 

An experimental example of the detection of single 
base substitution SNP in the seventy second codon of gene 
P 53 is stated. Each of the oligonucleotides comprising base 
sequences corresponding to the following two kinds of 
polymorphisms (genetic polymorphism) is immobilized on each 
of the gold electrodes by spotting. 

P53Pro (the seventy second codon is Pro) 
P53Arg (the seventy second codon is Arg) 

dna obtained from peripheral blood of a normal person 
who has Pro in the seventy second codon of P 53 and the pcr 
products whose area including codon 72, that exists in exon 
4 of P 53, is amplified from such DNA are denatured, and 
thereafter, hybridization reaction is conducted, in 0.1M 
AcOH-AcOK (pH5.6), 0.1M KC1 and O.OSmM Nfc as measuring 
electrolytic solution, variations in current value before 
and after hybridization at 470 mv, 20'C (Ag/AgCl reference 
electrode standard), are measured. 
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DNA obtained from periph ral blood 

Current variation of p53Pro (%) 52% 

Current variation of p53Arg (%) 15% 

PCR products 

Current variation of p53Pro (%) 65% 

Current variation of p53Arg (%) 13% 



Furthermore, similarly, hybridization reaction is 
conducted to DNA obtained from peripheral blood of a normal 
person whose seventy second codon of p53 is Arg and the PCR 
products whose area including codon 72 that exists in exon 
4 of p53 is amplified from such DNA. 

DNA obtained from peripheral blood 

Current variation of p53Pro (%) 46% 
Current variation of p53Arg (%) 17% 
PCR products 

Current variation of p53Pro (%) 53% 
Current variation of p53Arg (%) 11% 

It is clear that these current variations are 
different depending on if the base sequence matches 
completely or if there is a mismatch. 



Next, experimental example 2 is described. 
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The experimental exampl illustrating that the 
measur d current value depends on the number of base 
sequences , and thereby , the number of mismatched base 
sequences can be measured is prescribed. Seven kinds of 
oligonucleotides , dT2 0 , dTl 0dAdT9 , dT8dA4dT8 , dAdTl 9 , 
dA3dT17, dTl9dA and dT17dA3 are immobilized to each of the 
gold electrodes by spotting. Hybridization of dA20 is 
conducted to each of the oligonucleotides. 

In 0.1M AcOH-AcOK (pH 5.6), 0.1M KC1 and O.OSmM MPc 
as measuring electrolytic solution , variations in current 
value before and after hybridization in 470mV <Ag/AgCl 
reference electrode standard) at 20°C are measured. The 
measurement results are shown in Table 1 . 



(Table 1) 





dT20 


dTlOd 
AdT9 


dT8dA 
4dT8 


dAd 
T19 


DA3dT 
17 


dTl 9 
dA 


dT17d 
A3 


Current 
variation(%) 


37 


22 


15 


14 


14 


20 


12 


Tm (°C) 


46 


36 


21 


45 


46 


42 


41 



The current variations shown in Table 1 depend on the 
number of mismatched bases. Particularly, when the 
terminal parts of the sequence are mismatched, current 
variations greater than that of the Tm value were observed* 
In the conventional SSCP, it was impossible to detect the 
above results, but the present invention clarified such 
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relationship. 

Industrial Applicability 

A method for detecting single base substitution SNP 
and point mutation o£ genes and a detecting apparatus and 
a detecting chip for single base substitution SNP and point 
mutation of genes in connection with the present invention 
is constructed as mentioned above, so that it becomes 
possible to detect and analyze a large number of single base 
substitution SNP and point mutation for a plurality of DNA 
samples with high sensitivity. 

Accordingly, the detecting apparatus capable of 
conducting the treatment with high sensitivity and 
high-throughput in connection with the present invention 
is an effective means for analysing the correlation between 
genes and phenotypes in the biological or medical science 
field. Additionally, the detecting or analyzing apparatus 
for specific base sequence SNP and point mutation in 
connection with the present invention may be utilized in 
the field of gene diagnosis by analyzing specific genes such 
as drug metabolic enzymes or cancer repressor genes. 

For example, the detecting apparatus in connection 
with the present invention is capable of conducting the 
analysis with high sensitivity and high-throughput, so that 
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»t -ay coli.et the data of sin.1. base substitution .„ and 
point station or Japan... p.op le , Umtu , th . ^ 
substitution SNP and point .utatio. r.iated to diseass. i„ 
order to prev.nt cancer or other geriatric disease, such 
as hypertension. 



